Micro traction drive is a device to transmit driving force modified from angular ball bearing. The micro traction drive consists of an input/inner ring, an outer ring, a rolling element, a retainer/output shaft, and a casing. In addition, the micro traction drive of the tandem type that combined two bearings was developed to obtain a big reduction ratio . As a result, we are able to attain the reduction ratio 7.3. Traction oil on the market was sealed in the test piece for oil bath lubrication. Input shaft could be driven with a motor in ultra high speed. Power absorbing type test equipment was made the efficiency and temperature of micro traction drive operated at high speed were successfully measured. In the result of measurement, temperature rise are a few and it turns out a micro traction drive can be used by ultra high-speed.
INTRODUCTION
The word "micro-machine" calls to mind a machine that has been miniaturized in its entirety. Drive mechanisms for micromachines generally consist of a combination of an AC or DC motor with a miniature speed reducer. Speed reducers have been conventionally based on involute gears, and research has been conducted on materials and fabrication methods.
Recognizing the need for smaller speed reducers having greater precision in conjunction with increasingly miniaturized and mobile information devices, as well as the requirement for further reductions in cost, Tamura et al. [1] have investigated the power transmission properties of low-cost plastic gears (module 0.1) and sliding bearings. Meanwhile, Takeuchi [2] has succeeded in developing a highly reliable miniature speed reducer with a large reduction ratio, using super-hard alloy tool steel.
However, the use of gears in speed reducers for micromachines requires the fabrication of gears with extremely small modules. In experiments with gears having modules of 0.4 and under, Nonaka et al. [3] identified changes in gear strength, while for gears with modules of 0.2 and unpredicted edge contact and damage to the tip were observed.
The problems occurring in miniature gears can be traced to issues relating to the formation and strength of fine gear teeth. If traction drive could be substituted for gears in the transmission of power, the problems associated with miniature gears could be avoided, suggesting possibilities for the construction of transmission systems that would be effective for micro-machines.
STRUCTURE OF MICRO TRACTION DRIVE
The structure of the tandem type micro traction drive is presented in Fig.1 . Commercially available angular ball bearings were modified for use in the micro traction drive reported here, but other bearings could also be applied. The micro traction drive consists of an input/inner ring, an outer ring, a rolling element, a retainer/output shaft, and a
Figure1 Diagrammatic Illustration
casing [4] . The inner ring consists of a shrink-fitted input ring driven by the motor. The rolling element, fitted to the pocketed inside of the retainer, is driven by traction force along with the rotation of the inner ring, orbiting along the pitch circle. In addition, the reduction ratio at one stage is restricted. Then, we think up idea of combining two micro traction drives by tandem and obtaining a big reduction ratio. Based on such concept, the Tandem type micro traction drive was developed. Table 1 shows specifications of the micro traction drive of the tandem type.
EXPERIMENTS AND CALCULATIONS
Test apparatus, shown in Photo 1, consist of driving motor, test section and hysteresis brake. Measurement items are input/output torque, input/output rotating speed, temperature of casing and bearings, acceleration of casing. Performance tests were conducted on the micro traction drive.
<Reduction ratio>
The reduction ratio is given by the ratio of rolling element diameter and rolling pitch circle diameter. The calculated reduction ratio was 7.3. According to the experiments results in Fig.2 , when input shaft was driven with a motor in 5000rpm to 20000rpm, the number of rotations of output shaft is set to from 689rpm to 2739rpm. <Temperature> Figure 3 shows the results of a continuous driving about two hours that contain the stop of three seconds every 13 seconds. From this result, it was confirmed to have saturated it after the temperature of the bearing had risen at about 10℃.Therefore, it is thought that the micro traction drive can be continuously used under this condition. 
CONCLUSIONS
We fabricated the micro traction drive of tandem type using two angular ball bearings.
・It was confirmed that the input rotational speed of this transmission was possible up to 20000 rpm. ・When this apparatus used about two hours in an actual use pattern, the temperature of the bearing was confirmed the saturation after the temperature had risen of about 10℃.
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